This paper renders new insights into the predictability of GCC stock returns using crude oil prices using the approach of [1] [2] that accounts for salient features of the predictor. The results show superior performance of the oil-based stock model over time-series models (namely, AR, MA, ARMA, and ARFIMA) for both in-sample and out-of-sample forecasts. The results are robust to different oil price series (Brent and WTI prices) and forecast horizons (30 and 60 days).
Introduction
There is an increasing evidence of improved stock return predictability using oil price [3] [4] . However, all the known studies are limited to the net-oil importing countries particularly the US while there is none specifically for individual net-oil exporting countries. The only exception is the [5] paper which involves panel data. Other related studies on net-oil exporting countries are limited to in-sample predictability which cannot be generalized for the out-of-sample period [6] [7] [8] . This is the motivation for this study.
Thus, the present study contributes to the literature in the following ways.
First, it evaluates both the in-sample and out-of-sample forecast performance of oil-based stock model relative to time series models. Second, it accounts for some important features of oil price which may have implications on its forecast performance. Consequently, the approach of [1] [2] , which accommodates salient features such as endogeneity, persistence and conditional heteroscedasticity in the predictors of a series, is employed. This approach has been employed by a Theoretical Economics Letters number of studies to examine the predictability of stock returns [3] [9] [10] [11] [12] [13] . The choice of GCC countries in this study is deliberate. Unlike other oil-exporting nations, these countries share similar characteristics given the increasing economic integration among them and therefore, a meaningful comparative analysis can be rendered. However, we prefer country-specific analyses to the panel data analyses in order to carefully develop a predictive model for oil-stock nexus for each country which can be subsequently adopted for policy analyses by the respective countries. Doing same for panel data may diminish the policy relevance of the results for the individual countries involved.
Following this section, the rest of the paper is structured as follows. The next section presents the predictive model for estimation and the underlying forecasting procedures as well as data scope. Section three contains preliminary analyses of data features. Section four discusses the results while Section five concludes the paper.
Methodology and Data

Estimation Approach
The intention of the empirical analyses here is to isolate the contribution of oil price in the predictability of stock returns. Nonetheless, any endogeneity bias that may result from ignoring important covariates is captured implicitly in the estimation process following the approaches of Lewellen (2004) and Westerlund and Narayan (2015) . We begin our methodology by specifying a bivariate single predictive model where crude oil price is hypothesized as a predictor of stock price: 
where t s is the log of stock price for each of the six GCC countries including Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirate; and t p is the log of crude oil prices where Brent price and WTI price are used separately in the estimation process. Thus, we have two predictive models for each of the oil price series across the six GCC countries considered (details about the data utilized are provided in the section that follows). The t ε is zero mean idiosyncratic error term on stock price and the coefficient λ measures the relative impact of crude oil prices on stock price and the underlying null hypothesis of no predictability is that 0 λ = .
In order to resolve any probable endogeneity bias resulting from the correlation between t p and t ε as well as any potential persistence effect, we follow the approach of [14] and [1] [2] . The underlying predictive model that accounts for these effects can be specified as:
where the parameter our oil-based stock model is preferred to the time-series models in predicting stock prices; otherwise, it does not. By implication, a positive C-T statistic obtains from the fact that RMSE associated with our predictive model is less than that associated with the time-series models; but the reverse is the case for a negative C-T statistic. The D-M test is also used as a complementary test and it tests whether the difference between the forecast errors of two competing predictive models is statistically significant (or different from zero). While the D-M test is not suitable for small samples (which is not a concern given the large samples used for analyses), the test is however valid when the forecast errors are found to be non-Gaussian, nonzero mean, serially correlated, and contemporaneously correlated. A negative value and statistical significance of the D-M statistic at the conventional levels of 1%, 5% and 10% imply that our oil-based stock model significantly outperforms the time-series models; otherwise, it does not.
Data Description and Source
We focus attention on the stock markets of the six GCC countries, namely, Bah- 
Preliminary Analysis
Graphical Representation
We represent the trends of stock prices and crude oil prices (Brent and WTI) for the six GCC countries in Figure 1 It has been widely argued that the impact of oil price changes on stock market indices depends on whether a country is an oil exporter or an oil importer (see, for instance, [5] [17] [18] ). In an oil exporting country, increase in oil prices improves the trade balance, leading to a higher current account surplus and an We also take account of other statistical features including skweness, kurtosis
Descriptive Analysis
and Jarque-Bera statistic. In terms of skewness, we observe that the two oil price series (Brent and WTI prices) are negatively skewed, whereas all stock price indices, except that for Bahrain, are also negatively skewed. In terms of kurtosis, both stock and crude oil prices are largely platykurtic (for kurtosis values being less than 3.0). In addition, Jarque-Bera statistics indicate that all series (stock prices and crude oil prices) do not follow normal distribution across the GCC countries.
Autocorrelation and Heteroscedasticity Test Results
Here, we conduct autocorrelation and heteroscedasticity tests using Ljung-Box test Q-statistics and Autoregressive conditional heteroscedasticity lagrangian multiplier (ARCH-LM) test F-statistics, respectively (see Table 2 ) over the full sample period. We consider three different lag lengths (k) of 30, 60, and 90 for robustness. With respect to the predictors (crude oil prices), our results show the presence of significant serial dependence and conditional heterosedasticity at both lower and higher orders. Results are however mixed in the case of stock prices. Stock prices in the GCC countries except the United Arab Emirate suffer from serial correlation at both lower and higher orders. Generally, GCC stock prices except Bahrain's and Qatar's, fail to exhibit conditional heteroscedasticity at both lower and higher orders.
Persistence and Endogeneity Test Results
Premised on the fact that the rejection of the null hypothesis of a unit root for the predictors, which are crude oil prices (Brent and WTI prices) in our own case, is not a sufficient condition to assume the absence of persistence, we further test for persistence and endogeneity in the predictors (see Table 3 ) over the full sample period. The persistence test has the null hypothesis of no persistence Kurtosis, and J-B stands for Jarque-Bera. For autocorrelation and heteroscedasticity tests, the reported values are the Ljung-Box test Q-statistics for the former and the ARCH-LM test F-statistics in the case of the latter. We consider three different lag lengths (k) of 30, 60, and 90 for robustness. The null hypothesis for the autocorrelation test is that there is no serial correlation, while the null for the ARCH-LM test is that there is no conditional heteroscedasticity. ***, ** and * imply the rejection of the null hypothesis in both cases at 1%, 5% and 10% levels of significance, respectively. 
If the coefficient λ is statistically different from zero at any of the conventional chosen levels of significance such as ***, ** and * for 1%, 5% and 10%, respectively; then, the predictor variable is endogenous. For the latter however, the persistence test is conducted by regressing a first order autoregressive process for the predictor, for example:
estimator. The first order autocorrelation coefficient (ρ) captures the persistence effect and is reported for each of the predictors. The null is that there is presence of persistence effect if ρ is statistically significant and the closer the value to one the higher the degree of persistence.
effect in the predictors. The coefficient of the AR (1) process was estimated for each predictor using OLS estimator and the results were found to be close or equal to one which is often the features of series with higher order of integration, thus, suggesting that the predictors (crude oil prices) contain persistent effects.
We, however, observe that our predictors are largely exogenous. days. In the course of the forecast evaluation exercise, we also seek to validate the separate and opposing findings 1 of [19] and [20] . In order to evaluate the fore- Also, the predictability graphs of the oil-based stock model (using WTI price)
for the GCC countries are presented in the Appendix.
In-Sample Predictability Results: Do Oil Prices Matter in Stock Pricing?
The predictability power of a potential economic predictor hinges on the statistical significance of the first-order autoregressive coefficient in the theoretical (predictive) model at the conventional levels of significance, namely, 1%, 5%, and 10%. It can be observed that irrespective of measures of oil price series (Brent and WTI prices), the null hypothesis of no predictability is rejected at 1% level of significance (see Table 4 ). We, therefore, conclude that crude oil prices play a significant role in predicting the behaviour of stock prices across the entire GCC countries. Our results confirm the findings of [21] , [3] and [20] that crude oil prices are good predictors of stock market indices. We also establish a positive linkage between crude oil prices and stock prices in support of the literature that suggests that the response of stock market returns to oil price shocks in a country greatly depends on the country's net position in crude oil market and on the driving forces of oil price shocks [22] . It is crystal clear that the GCC countries account for 40% of world oil exports [23] ; with Saudi Arabian stock market showing the highest level of sensitivity to oil price 1 [19] concluded that GCC stock markets are information-efficient with regard to oil prices, and, by implication, oil prices do not tend to affect stock markets; hence, oil prices cannot be used as predictors for the GCC stock markets. [20] , however, confirmed that oil price shocks contain information for forecasting real stock return in the United States. Fluctuations (see Table 4 ). Similarly, the literature on oil-stock nexus indicates that the stock markets of net-exporting countries can benefit from higher revenues and wealth arising from increasing crude oil prices, and vice versa [5] [17]
[24] [25].
Forecast Evaluation: Can Oil-Based Stock Model Beat Time Series Models?
We further compare the in-sample and out-of-sample forecast performance of our oil-based stock model with four time-series models including AR, MA, ARMA, and ARFIMA using the RMSE, the C-T and the D-M statistics (see Tables 5-10). Generally, we observe that our predictive model, which in this case is the oil-based stock model, significantly outperforms all the four time series models both in-sample and out-of-sample. The result is also robust to the choice of oil price series (Brent and WTI prices) and the choice of time-series models used as benchmark. This result supports the previous findings 2 of [3] , and [5] .
That our predictive model (oil-based stock model) predicts stock prices better than time-series models can do is reflected in the predictability graphs associated with both models (Compare Figure 2 and Figure 3 , and refer to the Appendix for the predictability graphs using WTI price, see Figure A1 ). Following is a comparison of forecast performance between the oil-based stock model and each of the time-series models.
Oil-Based Stock Model versus AR Model
From the second to fourth columns of Table 7 and Table 8 , we observe that C-T Note: Capturing 75% of the full sample, we evaluate the in-sample and out-of-sample forecast performance (using 30 and 60 days as the forecast horizons) of our predictive model, which in this case is the oil-based stock model (using Brent and WTI prices) with the aid of root mean square error (RMSE). The smaller the root mean square error (RMSE), the greater the predictive power of a model and vice versa. *AR stands for autoregressive process/model; **MA for moving average process/model; ***ARMA for autoregressive moving average process/model, and ****ARFIMA for fractionally integrated autoregressive moving average process/model. Capturing 75% of the full sample, we evaluate the predictive power of the ARFIMA model both for the in-sample data and out-of-sample data cutting across the forecast horizons of 30 and 60 days using the root mean square error (RMSE). The smaller the root mean square error (RMSE), the greater the predictive power of a model and vice versa.
statistic is generally positive for the GCC countries except for Bahrain where the C-T stat is negative for the forecast horizon of 60 days. Since we are able to establish the predominance of positive C-T statistic, it can be concluded that our oil-based stock model is preferred to the AR model in predicting stock prices in the GCC countries. This result is generated from the fact that the RMSE associated with our predictive model is predominantly smaller than the RMSE associated with the AR model (compare Table 5 with the second to fourth columns of Table 6 ). A complementary conclusion is reached in the case of the D-M statistic which is predominantly negative and statistically significant at the 1% level (see the second to fourth columns of Table 9 and Note: The Campbell-Thompson (C-T) test statistics as used here compares the unrestricted model, which in this case is the oil-based stock model (using Brent price) with the time-series models (AR, MA, ARMA, and ARFIMA), which constitute the class of restricted models. Positive C-T stat implies that the oil-based stock model (using Brent price) is preferred to AR, MA, ARMA, and ARFIMA models in predicting stock prices using the in-sample data covering 75% of the full sample and the out-of-sample forecast horizons of 30 and 60 days. On the other hand, negative C-T stat implies that AR, MA, ARMA, and ARFIMA models are preferred to the oil-based stock model (using Brent price) in predicting stock prices using the in-sample data covering 75% of the full sample the out-of-sample forecast horizons of 30 and 60 days. Table 8 . In-sample and out-of-sample forecast evaluation of oil-based stock model (OSM) and Time-series models using C-T test (WTI price case). Note: The Campbell-Thompson (C-T) test statistics as used here compares the unrestricted model, which in this case is the oil-based stock model (using WTI price) with the time-series models (AR, MA, ARMA, and ARFIMA), which constitute the class of restricted models. Positive C-T stat implies that the oil-based stock model (using WTI price) is preferred to AR, MA, ARMA, and ARFIMA models in predicting stock prices using the in-sample data covering 75% of the full sample and the out-of-sample forecast horizons of 30 and 60 days. On the other hand, negative C-T stat implies that AR, MA, ARMA, and ARFIMA models are preferred to the oil-based stock model (using WTI price) in predicting stock prices using the in-sample data covering 75% of the full sample the out-of-sample forecast horizons of 30 and 60 days.
in predicting stock prices across the GCC countries. Irrespective of choice of oil price series (Brent and WTI prices), we therefore establish the superior forecast performance of our predictive model over the AR model both in-sample and out-of-sample.
Oil-Based Stock Model versus MA Model
From the fifth to seventh columns of Table 7 and Table 8 , we observe that C-T statistic is generally positive for the GCC countries except for Bahrain and the United Arab Emirate where the C-T stat is negative in both cases for the forecast Note: The Diebold-Mariano (D-M) test statistic as used here compares the forecast errors of the unrestricted model, which in this case is the oil-based stock model (using Brent price) and the restricted model comprising the time-series models (AR, MA, ARMA, and ARFIMA). The negative and statistical significance at 1% (***), 5% (**) and 10% (*) implies that the oil-based stock model (using Brent price) significantly outperforms the AR, MA, ARMA, and ARFIMA models using in-sample data covering 75% of the full sample and out-of-sample forecast horizons of 30 and 60 days. However, the positive and statistical significance at 1% (***), 5% (**) and 10% (*) implies that the AR, MA, ARMA, and ARFIMA models significantly outperform the oil-based stock model (using Brent price) using in-sample data covering 75% of the full sample and out-of-sample forecast horizons of 30 and 60 days. Note: The Diebold-Mariano (D-M) test statistic as used here compares the forecast errors of the unrestricted model, which in this case is the oil-based stock model (using WTI price) and the restricted model comprising the time-series models (AR, MA, ARMA, and ARFIMA). The negative and statistical significance at 1% (***), 5% (**) and 10% (*) implies that the oil-based stock model (using WTI price) significantly outperforms the AR, MA, ARMA, and ARFIMA models using in-sample data covering 75% of the full sample and out-of-sample forecast horizons of 30 and 60 days. However, the positive and statistical significance at 1% (***), 5% (**) and 10% (*) implies that the AR, MA, ARMA, and ARFIMA models significantly outperform the oil-based stock model (using WTI price) using in-sample data covering 75% of the full sample and out-of-sample forecast horizons of 30 and 60 days.
horizon of 60 days. Since we are able to establish the predominance of positive C-T statistic, it can be concluded that our oil-based stock model is preferred to the MA model in predicting stock prices in the GCC countries. This result obtains from the fact that the RMSE associated with our predictive model is predominantly smaller than the RMSE associated with the MA model (compare Table 5 with the fifth to seventh columns of Table 6 ). We reach a complementary conclusion in the case of the D-M statistic which is predominantly negative and statistically significant at the 1% level (see the fifth to seventh columns of Theoretical Economics Letters Predictability graphs for oil-based stock models (using Brent price). Table 9 and Table 10 ), with the implication that our oil-based stock model significantly outperforms the MA model in predicting stock prices across the GCC countries. Irrespective of choice of oil price series (Brent and WTI prices), we therefore establish the superior forecast performance of our predictive model over the MA model both in-sample and out-of-sample.
Oil-Based Stock Model versus ARMA Model
With regards to the eighth to tenth columns of Table 7 and Table 8 , we observe that C-T statistic is generally positive for the GCC countries except in the case of
Bahrain where the C-T stat is negative for the forecast horizon of 60 days. Since we are able to establish the predominance of positive C-T statistic, it can be concluded that our oil-based stock model is preferred to the ARMA model in predicting stock prices in the GCC countries. This result is informed by the fact that Table 5 with the eighth to tenth columns of Table 6 ). A complementary conclusion is reached in the case of the D-M statistic which is predominantly negative and statistically significant at the 1% level (see the eighth to tenth columns of Table 9 and Table   10 ), with the implication that our oil-based stock model significantly outperforms the ARMA model in predicting stock prices across the GCC countries. Irrespective of choice of oil price series (Brent and WTI prices), we therefore establish the superior forecast performance of our predictive model over the ARMA model both in-sample and out-of-sample.
Oil-Based Stock Model versus ARFIMA Model
With respect to the eleventh to thirteenth columns of Table 7 and Table 8 , we observe that C-T statistic is generally positive for the GCC countries except for
Bahrain and the United Arab Emirate where the C-T stat is negative in both cases for the forecast horizon of 60 days. Since we are able to establish the predominance of positive C-T statistic, it can be concluded that our oil-based stock model is preferred to the ARFIMA model in predicting stock prices in the GCC countries. This result directly obtains from the fact that the RMSE associated with our predictive model is predominantly smaller than the RMSE associated with the ARFIMA model (compare Table 5 with the eleventh to thirteenth columns of Table 6 ). We reach a complementary conclusion based on the D-M statistic which is predominantly negative and statistically significant at the 1% level (see the eleventh to thirteenth columns of Table 9 and Table 10 ), with the implication that our oil-based stock model significantly outperforms the ARFIMA model in predicting stock prices across the GCC countries. Irrespective of choice of oil price series (Brent and WTI prices), we therefore establish the superior forecast performance of our predictive model over the ARFIMA model both in-sample and out-of-sample.
Conclusions
We offer new evidence of the predictability of stock prices using crude oil prices for the six GCC countries as a direct confrontation to the assertion of [19] that oil prices cannot be used as predictors for the GCC stock markets. Driven by the need to account for some salient features usually present in high frequency time-series data, we employ the estimator proposed by [14] and [1] [2] in order to account for possible persistence, endogeneity, serial correlation, and conditional heteroscedasticity effects in our predictors (which in this case, are crude oil prices). Our results show the presence of significant serial dependence, conditional heteroscedasticity and persistence effects in the predictors; while we at the same time establish the absence of endogeneity bias in the same predictors (that is, crude oil prices). Further, we are able to validate the hypothesis of significant in-sample predictability of stock prices using crude oil prices (Brent and WTI prices) across the six GCC countries to the contradiction of the previous [19] . We also complement in-sample predictability results with superior out-of-sample forecast performance of our oil-based stock model over four strands of time-series models (namely, AR, MA, ARMA, and ARFIMA) using the forecast evaluation tools including the root mean square error (RMSE), Meanwhile, quite a number of policy implications can be discerned from the various research findings in this paper. First, the information provided in this study as regards the ability of oil price to produce more accurate forecast for stock returns will be useful to financial analysts and investors who rely on such information for investment decisions. Secondly, policy makers will also find the results useful in terms of how much of information contained in the movements of oil price can be exploited by the stock market. This is particularly important during oil price crisis where policy makers are expected to implement policies to mitigate the negative spillover effects from oil to the stock market and other macroeconomic fundamentals. Notwithstanding the usefulness of the research findings of the study, a number of areas can still be explored to improve the paper and are therefore suggested for future research. The first area relates to the choice of countries; future research can conduct same for other countries particularly net oil importers and non-OPEC net oil exporters. The latter is also important to see if the results of the giant members of OPEC can be generalized for the non-members in terms of the predictive power of oil price in forecasting stock returns. The second area relates to other statistical properties underlying stock returns which are not captured in the current study. These properties include structural breaks and asymmetries. It will be an interesting exercise to see how the consideration of these properties will enhance the predictability of stock returns.
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